Introduction
By definition, a proper animal model to study behavioral, neuroendocrine, and genetic concomitants of trait anxiety, including psychopathology, should represent a good approximation to score symptoms of anxiety disorders and possibly comorbid depression (Finn et al., 2003; Cryan and Mombereau, 2004; Gordon and Hen, 2004) . To avoid interstrain comparisons, likely to reveal differences in more than just anxiety-related indices, intrastrain breeding approaches were used to focus on particular traits, including anxiety-related behavior (Landgraf and Wigger, 2003) , depression-like behavior (El Yacoubi et al., 2003) , avoidance behavior, or receptor functions likely to be associated with differences in anxiety (Ohta et al., 1999; Brush, 2003; Overstreet et al., 2003; Steimer and Driscoll, 2003) . The technique of selective bidirectional breeding enhances the representation (frequency) of genetic material associated with a particular trait shifting the animals' phenotype bidirectionally from the strain mean (Falconer and Mackay, 1996) .
Wistar rats bred for either high-anxiety-related behavior (HAB) or low-anxiety-related behavior (LAB) represent extremes in trait anxiety and comorbid depression-like behavior Wigger, 2002, 2003; Landgraf and Neumann, 2004; Murgatroyd et al., 2004; Wigger et al., 2004) , with HAB animals as hyperanxious on the key selection criterion, elevated plus-maze (EPM), and a variety of additional paradigms, including dark-light box, modified hole board, social interaction, and home cage watching (Henniger et al., 2000; Ohl et al., 2001 ). Moreover, the HAB animals prefer to use passive coping strategies after stressor exposure and negative associations in assessing the emotional impact of a given scenario. The hypothesis of an inborn bias and high-stress vulnerability is further supported by investigations on HAB pups, which, after separation from their mothers, vocalize more than LAB pups as early as postnatal day 11 (P11) . Furthermore, the hypothalamuspituitary-adrenal axis of adult HAB rats is hyper-reactive, including a pathological outcome of the dexamethasone͞corticotropin-releasing hormone challenge test, thus mimicking a clinically relevant feature typical of psychiatric patients (Keck et al., 2002) . Although HAB/LAB rats represent a powerful tool for the study of behavioral and neuroendocrine parameters of trait anxiety and comorbid depression, and to explore environmental modulation of genetic predisposition (Finn et al., 2003) , the possibilities for additional genetic approaches are a priori limited in the rat. Genetic approaches currently available in the mouse make this model organism particularly powerful for the functional analysis of candidate genes and in defining gene products underlying trait anxiety and possibly depression (Tarantino and Bucan, 2000) . Therefore, we describe the generation and validation of hyperanxious (HAB-M) and hypoanxious (LAB-M) CD1 mouse lines as model of extremes in trait anxiety.
The manifestation of anxiety in a number of psychiatric disorders such as generalized anxiety disorder, depression, panic attacks, phobias, obsessive-compulsive disorders, and posttraumatic stress disorders (Gross and Hen, 2004) highlights the im-portance of gaining a better understanding of associated reliable biomarkers in proper animal models. Therefore, we used proteomics to look for anxiety-related protein markers serving as one approach to differentiate multiple genetic predispositions to anxiety. Here, we show for the first time that glyoxalase-I (Glx1), which attracts increasing attention for its role in psychopathogenic mechanisms (Chen et al., 2004) , is a biomarker in the newly developed mouse model of extremes in trait anxiety, allowing to predict the genetic predisposition to anxiety.
Materials and Methods

Subjects
The animal studies were conducted in accordance with the Guide for the Care and Use of Laboratory Animals of the Government of Bavaria. Mice were housed in groups of three to five in plastic cages (25 ϫ 20 ϫ 14 cm) with a 12 h light/dark schedule (lights on at 6:00 A.M.) at 23°C, 60% humidity, with food and tap water available ad libitum. Experiments were performed between 8:00 A.M. and 12:00 P.M. We used Ͼ250 animals from Ͼ25 litters of the outbred Swiss CD1 strain (Charles River, Sulzfeld, Germany) as a starting point for selective and bidirectional breeding for anxiety-related behavior on the EPM at 7 weeks of age. Males and females that spent either the least or most time on the open arms of the EPM were mated to establish the HAB-M and LAB-M mouse lines, respectively. The first generation (G1) was weaned and separated by gender at 3 weeks of age and tested on the EPM 4 weeks later. Again, extremes were mated, and offspring were reared in the same manner for all following generations. Outbreeding across families but within closed lines was practiced to minimize random fixation of alleles other than those selected for, and to maximize the number of genes, influencing anxiety-related behavior within each line. After nine generations of outbreeding, an inbreeding protocol was started based on strict sibling mating. We generated four to six independent families within the HAB-M and LAB-M lines, respectively. In the experiments, animals from all inbred HAB-M and LAB-M families from seven generations (G12-G18) were included to avoid both fortuitous correlations and fluctuations across time caused by genetic drift, as described by El Yacoubi et al. (2003) for locomotor activity.
Four to five generations were produced each year. Cross-mated offspring (CM-M) comprised reciprocal crosses between HAB-M and LAB-M mice (i.e., HAB-M ϫ LAB-M and LAB-M ϫ HAB-M). They were housed under the same conditions as HAB-M, LAB-M, and "normal" CD1 (NAB-M) animals, the latter selected as controls independent of their performance on the EPM.
All tests were conducted during 7-13 weeks of age. All mice were initially tested on the EPM and, at least 2 d later, in one or more additional tests. In the latter case, the test order was EPM, followed by the dark-light avoidance or open-arm exposure tests, the tail-suspension test, and finally the forced swimming test. The minimum recovery time between tests was 1 d. If, for instance, mice were only tested in the forced swim test 2 d after the initial EPM test, the results were quite similar, indicating that behavioral differences among HAB-M, LAB-M, NAB-M, and CM-M mice are not attributable to the order of testing (data not shown).
Experiment 1: EPM test and locomotion
The EPM was made of black plastic and consisted of two open arms (30 ϫ 5 cm; 100 lux) and two enclosed arms (30 ϫ 5 ϫ 15 cm; 10 lux). The arms extended from a central platform (5 ϫ 5 cm; 90 lux). The EPM was located 120 cm above the floor. Male and female mice were carried into the EPM room 24 h before testing and stayed in their home cages until the experiment was performed. At the beginning of the experiment, each mouse was placed on the central platform facing a closed arm. During the 5 min test, the percentage of time spent on the open arms, the number of entries into the closed and open arms, and the latency to the first openarm entry were scored using the "plus-maze" software (E. Fricke, Munich, Germany). Mice were considered to have entered an open or closed arm when both front paws and front shoulders were on the arm, but full entries (all four paws) also were counted. After each test, the EPM was cleaned with water containing detergent or with ethanol (when male and female mice were tested on the same apparatus) and dried with tissue.
In addition to test-related locomotor activity, home cage locomotion of group-housed male and female HAB-M, NAB-M, and LAB-M mice was scored every 10 min from 8:00 A.M. to 12:00 P.M. (i.e., during the regular testing time) (n ϭ 4 cages in each case).
Experiment 2: dark-light avoidance test
The dark-light box was open topped and consisted of one black-colored, darkened (15 ϫ 20 ϫ 26 cm; 13 lux) and one white-colored, illuminated (29 ϫ 20 ϫ 26 cm; 650 -700 lux) box, connected through an aperture (5.0 ϫ 7.0 cm). In each compartment, the base was lined into 6.5 ϫ 6.5 cm squares. At the beginning of the experiment, each mouse was placed in the center of the lightened box facing the port. During the 5 min test, the percentage of time a mouse spent in the lit compartment was scored using Eventlog 1.0 (EMCO Software, Reykjavik, Iceland). A mouse was defined to have entered the lit or dark box when both front paws and front shoulders were inside the respective compartment. In addition, line crossings, transitions, and the number of exploratory rearings in both the dark and lit compartments were scored. For the cleaning procedure, see Experiment 1.
Experiment 3: open-arm exposure test
One open arm of the EPM was separated from the central field by a plastic board, making it impossible for the mouse to leave the open arm. At the beginning of the experiment, each mouse was placed onto the open arm facing the board. During the 5 min test, the time a mouse spent with head dipping was recorded. For the cleaning procedure, see Experiment 1.
Experiment 4: ultrasound vocalization test
Following the developmental pathways that lead to the selectively bred phenotypes, pups from Ն18 litters were separated from both the litter and their HAB-M, NAB-M, or LAB-M mothers at P5. Each pup was weighed and then gently placed on a Petri dish (diameter, 10 cm; kept at 23°C) without the possibility of smelling or hearing its litter. Pups were not separated by gender and tested in a random order. Using a Mini-3 Bat-Detector (Ultrasound Advice, London, UK), ultrasound vocalization was recorded for 5 min using a WM-D6C tape recorder (Sony Professional, Cologne, Germany). For analysis, the number of short shouts (ϳ60 -80 kHz) released by each pup was counted.
In additional groups of pups (from at least seven litters), either vehicle (2.5 ml/kg body weight; saline containing 0.05% Tween 80) or diazepam (2 mg/kg body weight; 2 ml vial diluted with saline; Ratiopharm, Ulm, Germany) was administered intraperitoneally on P3, P4, and P5. Thirty min and 24 h after the last injection, both ultrasound vocalization (USV) test calls and grid crossings were counted. To measure the grid crossings, each pup was placed on a Petri dish (diameter, 10 cm), which was lined into 2 ϫ 2 cm squares. The number of line crossings (two forepaws across the line) each animal made were counted during a 5 min period.
Experiment 5: tail-suspension test
Animals were suspended by the end of their tail to a bar that was 35 cm above the floor with adhesive scotch tape. At the end of each videotaped 6 min trial, the duration of total immobility was scored using Eventlog 1.0 (EMCO Software). Four animals were tested during each test.
Experiment 6: forced swim test
Each mouse was placed in a glass cylinder (height, 23.5 cm; diameter, 11 cm) containing 15 cm of water at 22-23°C for 6 min. At the end of each videotaped trial, immobility time (floating) was scored using Eventlog 1.0 (EMCO Software). A mouse was judged immobile when it stopped any movements except those that were necessary to keep its head above water.
Experiment 7: proteomic analyses
Protein sample preparation. Three to 5 d after behavioral testing (EPM only or additional tail-suspension or dark-light tests), HAB-M, NAB-M, CM-M, and LAB-M mice were killed under isoflurane anesthesia, their trunk blood was collected (see below, Western blot analysis), and their brains were removed. The hypothalamus [containing the paraventricular nucleus (PVN) and supraoptic nucleus), amygdala (containing the baso-lateral, central, and medial nuclei), and motor cortex were dissected according to the mouse brain atlas (Paxinos and Franklin, 2001) . Whereas in rats, the former areas are well known to be critically involved in the HAB versus LAB phenotypes, the motor cortex does not show apparent line differences (Kalisch et al., 2004; Salomé et al., 2004) and has been dissected for comparison. The areas were weighed and immediately frozen in liquid nitrogen. Brain specimens were prepared for two-dimensional (2D) PAGE with the PlusOne Sample Preparation kit (Amersham Biosciences, Piscataway, NJ) using isoelectric focusing (IEF) rehydration buffer (7 M urea, 2 M thiourea, 0.2% biolytes 3-10, 2% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate, 100 mM DTT supplemented with the protease inhibitor mixture "Complete," PMSF, and pepstatin). The number of animals analyzed is provided in the figures.
2D PAGE. The brain area extract with 300 g of protein in IEF sample buffer was applied to a 17 cm, pH 4 -7, immobiline strip (Bio-Rad, Hercules, CA) by active rehydration using paper wicks. First-dimension electrophoresis was then performed until 60,000 V h was reached. For reduction and alkylation of the proteins, the strips were equilibrated in 2% DTT for 30 min and then in 2.5% iodoacetamide for 30 min. For seconddimension SDS-PAGE, strips were layered on top of a 5% stacking gel and 12% separating gel and run at 50 -200 V overnight. Gels were stained with colloidal Coomassie blue and scanned. The scanned images were analyzed and compared with each other with the help of PDQuest software (Bio-Rad).
Mass spectrometry. Gel spots that represented differences in protein expression levels based on the results from the image analysis were subjected to an in-gel tryptic digest. For this purpose, 50 l of 20 mM ammonium bicarbonate/acetonitrile (1:1) was used for gel cleanup and drying. After the gel pieces were dry, 30 l of 20 mM ammonium bicarbonate containing 0.5 g of trypsin (Promega, Madison, WI) was added and incubated at 37°C overnight. Peptides were extracted twice with 25 l of 5% formic acid by incubation at 37°C for 30 min. The extracts were concentrated in a speedvac and redissolved in 12 l of 0.1% formic acid. For mass spectrometry (MS) analysis, the tryptic digests were injected onto a C18 cartridge using a FAMOS Autosampler (Dionex, Sunnyvale, CA). After washing the cartridge with 0.1% formic acid (solvent A) for 15 min, the peptides were eluted onto a Picofrit column (New Objective, Woburn, MA) by applying a linear gradient of acetonitrile:water:formic acid (90:10:0.1) for 60 min. The Picofrit eluate was directly infused into an LCQ DECA XP PLUS iontrap mass spectrometer (Thermo Electron, San Jose, CA). Each full scan was followed by a zoom scan and an MS/MS scan of the most intense signal. The resulting MS/MS data were used to search a nonredundant protein database (National Center for Biotechnology Information, Bethesda, MD) using TURBOSEQUEST (J. Yates III and J. Eng, University of Washington, Seattle, WA).
Western blot analysis. The Western blot analysis enabled us to screen a number of blood samples from HAB-M, NAB-M, CM-M, and LAB-M animals. As mentioned previously, all animals were killed 3-5 d after their last behavioral testing. To further test the validity of Glx1 as a biomarker of trait anxiety in mice, blood samples were taken from male C57BL/6 and BALB/c animals (n ϭ 7 each) 3 d after the EPM test. Furthermore, to examine the predictive validity of Glx1 expression in red blood cells, the HAB-M versus LAB-M phenotype was determined in 17 blood samples in a blind manner.
Red blood cells were isolated from 0.8 ml of mouse blood that had been collected in EDTA tubes supplemented with Trasylol. The red cell pellet was frozen at Ϫ80°C until use. For red cell lysis, the pellets were thawed on ice, cold water containing 1 mM PMSF was added, and the suspension was mixed. After the removal of cellular debris, the supernatant was stored in aliquots at Ϫ80°C. For Western blot, 100 g of total protein from each red cell lysate was run in each gel lane. Electrophoresis was performed on a 15% miniature gel (Bio-Rad), and the proteins were transferred to an Immobilon polyvinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA) at 100 V for 1 h with cooling. The membrane was treated with 5% Carnation instant nonfat dry milk (Nestlé, Vevey, Switzerland) in TBS plus Triton X-100 (TBST) overnight and rinsed in TBST. The membrane was then incubated with Glx1 antiserum (kindly provided by Dr. Kenneth Tew, Fox Chase Cancer Center, Philadelphia, PA) at a 1:2000 dilution in TBST for 2 h at room temperature (RT) and washed with water and TBST for 15 min. Incubation with protein A horseradish peroxidase (Amersham Biosciences) was performed for 40 min at RT, after which the membrane was washed with water and TBST. Finally, the membrane was incubated with ECL mixture (Amersham Biosciences) for 1 min and exposed to ECL film (Amersham Biosciences). The membrane was scanned and the signal strength of the Glx1 bands (optical density) assessed with QuantityOne software (Bio-Rad).
Experiment 8: microarray
Male HAB-M and LAB-M animals (n ϭ 6 each) were killed by cervical dislocation 3 d after the initial EPM test and then brains were shockfrozen in methylbutan and stored at Ϫ80°until cutting with a Microm (Walldorf, Germany) MH 560 M Cryostat in 200 m slices. The region containing the hypothalamic PVN (two slices) was obtained from these slices by micropunching on dry ice using a sample corer of 1 mm diameter (Fine Science Tools, Heidelberg, Germany); the PVNs of two nonrelated animals were pooled into one sample, giving a total of three samples for each line. Total RNA was isolated from these punches using the TRIzol (Invitrogen, Karlsruhe, Germany) and chloroform method and amplified with an Ambion (Austin, TX) Amino Allyl MessageAmp amplified RNA (aRNA) kit in two rounds, according to the protocol of the manufacturer. RNA integrity was tested by electrophoresis. Equal amounts of total aRNA were pooled to one common HAB-M and one LAB-M sample containing 40 g of aRNA each and dye coupled using indirect labeling. To exclude dye bias, one-half of each sample was coupled to cyanine 3 (Cy3) and the other one-half to Cy5. The pooled samples were hybridized on five Max-Planck Institute 24 k mouse cDNA arrays (Max-Planck Institute of Psychiatry, Munich, Germany) for each dye coupling combination and scanned on a PerkinElmer Life Sciences (Rodgau-Jügesheim, Germany) ScanArray 4000 laser scanner.
Data analysis
The data presented as means Ϯ SEM were analyzed using the Statistica 6.1 software (StatSoft, Tulsa, OK). Both behavioral data and average optical density units were first assessed by a one-way completely randomized ANOVA using line as factor. Except for the behavioral data from the USV test, in which pups could not be separated according to their gender, a two-way ANOVA (line by gender) followed. When appropriate, specific comparisons were made using a post hoc NewmanKeuls test and Bonferroni correction to adjust for multiple comparisons.
The microarray data analysis was accomplished by the fixed circle quantification method using QuantArray (PerkinElmer Life Sciences) and a nonlinear regression method (Yang et al., 2002) (http://www.r-project.org). A p value Ͻ0.05 was considered statistically significant.
Results
Experiment 1: EPM test and locomotion
The time that outbred CD1 mice spent on the open arms of the EPM ranged from 0 to 54.6% for males and from 0 to 65.1% for females. The increasing divergence between HAB-M and LAB-M animals is depicted in Figure 1 , with the former showing significantly heightened anxiety-related behavior compared with that of their LAB-M counterparts (G4 -G15, p Ͻ 0.001). Independent of gender, both selected lines differed significantly from unselected NAB-M controls, as shown in Figure 1 for G11 and G13-G15.
Accordingly, male and female HAB-M mice spent a lower percentage and LAB-M mice a higher percentage of time on the open arms than did NAB-M and CM-M animals (males, F (3,111) ϭ 54.2; females, F (3,102) ϭ 54.1; p Ͻ 0.001) (Fig. 2 A) . There was no difference in the latency until the first open-arm entry among the LAB-M, NAB-M, and CM-M mice for either gender. In contrast, latency until the first open-arm entry was significantly higher in the HAB-M animals compared with that in all other lines (males, F (3,111) ϭ 27.2; females, F (3,102) ϭ 30.2; p Ͻ 0.001) (Fig. 2 B) .
Indices of EPM-related locomotor activity (Table 1) (File, 2001 ) and can thus be misleading (Henderson et al., 2004) . Indeed, closed-arm entries and open-arm entries (two-paw and four-paw entries correlated with r ϭ 0.85; p Ͻ 0.001; n ϭ 221) (Table  1 ) and the ratio of open/total entries give rise to quite different interpretations with regard to the role of locomotion in anxiety-related behavior. Even closed-arm entries thought to represent an appropriate index of locomotor activity (File, 2001 ) are of limited value, because LAB-M mice, which spent Ͼ50% of their time on the open arms, necessarily showed fewer entries into the closed arms than HAB-M animals. Therefore, we also measured home-cage activity, which indicated the tendency of suppressed locomotion in male and female HAB-M animals relative to NAB-M animals and increased locomotion in LAB-M rats (Table 1) .
Experiment 2: dark-light avoidance test
Independent of gender, LAB-M mice spent a significantly higher percentage of time in the light compartment compared with HAB-M and NAB-M animals (males, F (2,60) ϭ 10.6; p Ͻ 0.001; females, F (2,67) ϭ 6.54; p Ͻ 0.01) (Fig. 3A) . No difference was found between HAB-M and NAB-M mice. The number of rearings in both the dark and the light compartments was lower for HAB-M than for NAB-M and LAB-M animals (males, F (2,60) ϭ 64.0; females, F (2,67) ϭ 133; p Ͻ 0.001) (Fig. 3B) , and the number for NAB-M was lower than that for LAB-M mice ( p Ͻ 0.001). The number of line crossings for HAB-M animals was lower than that for LAB-M and NAB-M animals (males, F (2,60) ϭ 41.0; females, F (2,67) ϭ 116; p Ͻ 0.001), and the latter made fewer line crossings than LAB-M mice ( p Ͻ 0.01) ( Table 1 ). The number of transitions between the dark and the light compartments for HAB-M was lower than that for NAB-M mice (males, F (2,60) ϭ 7.50; p Ͻ 0.01; females, F (2,67) ϭ 18.1; p Ͻ 0.001), and the latter made more transitions than LAB-M mice ( p Ͻ 0.001) ( Table 1) .
Experiment 3: open-arm exposure test
Male HAB-M mice spent less time with head dipping than LAB-M animals (2.06 vs 9.77 s; F (1,18) ϭ 6.52; p Ͻ 0.05).
Experiment 4: USV test
HAB-M pups emitted significantly more ultrasound vocalization than LAB-M pups (F (2,169) ϭ 18.2; p Ͻ 0.01) with intermediate levels in NAB-M pups ( Table 2 ). The stress of vehicle administration approximately halved USV calls 30 min after administration, keeping the differences among HAB-M, NAB-M, and LAB-M pups. Diazepam induced a decrease in USV in HAB-M and LAB-M pups and a corresponding tendency in NAB-M pups 30 min after administration. This effect was accompanied by a reduced locomotor activity in LAB-M and NAB-M, but not HAB-M, pups.
Experiment 5: tail-suspension test
Independent of gender, LAB-M mice displayed significantly less immobility time than HAB-M and NAB-M animals in the tailsuspension test (males, F (2,109) ϭ 105; females, F (2,82) ϭ 153; p Ͻ 0.001) (Fig. 4 A) . Individual pairs of data (percentage of time EPM vs time spent immobile in the tail-suspension test) revealed a significant correlation (r ϭ Ϫ0.71; p Ͻ 0.001) (Fig. 5A ). (Fig. 4 B) . Individual pairs of data (percentage of time EPM vs time spent immobile in the forced swim test) revealed a significant correlation (r ϭ Ϫ0.54; p Ͻ 0.001) (Fig. 5B) . Likewise, tail-suspension and forced swim data of HAB-M, NAB-M, and LAB-M mice were highly correlated (r ϭ 0.66; p Ͻ 0.001) (Fig. 5C ).
Experiment 7: proteomic analyses
For proteomic analyses, protein extracts from individual brain areas were subjected to 2D PAGE. After staining the gels, the scanned images were compared by computer analysis. Each gel contained ϳ800 detectable protein spots. One of the protein spots differed significantly in its intensity among all of the HAB-M and LAB-M animals in all three brain areas analyzed (hypothalamus, amygdala, and motor cortex). Based on the signal intensity, the level of expression of this protein was approximately fivefold higher in LAB-M animals compared with HAB-M animals (Fig. 6) . The protein was identified by cutting out the stained gel spot and subjecting the protein to in-gel digestion with trypsin followed by tandem mass spectrometry. The obtained tryptic peptide mass spectrometry fragmentation data were used to search the nonredundant protein database and resulted in the identification of the enzyme Glx1. This was the only protein marker found, and there were no other markers in individual brain regions that did not generalize to all regions.
Because 2D PAGE is a rather laborious method for studying protein expression in tissues, we next set up a high-throughput method for the quantitative analysis of Glx1. Because the enzyme is expressed ubiquitously in many cells and tissues (Hayes et al., 1989) , we used red blood cells as a source. The protein sequence of Glx1 is highly conserved among higher vertebrates, which allowed us to use a polyclonal antiserum that was generated against human Glx1 for the detection of the mouse enzyme. For this purpose, we set up a Western blot analysis procedure with protein lysates from mouse red blood cells.
The Western blot analysis enabled us to screen a large number of specimens. To extend our studies, we now also included sam- ples from NAB-M and CM-M controls. Independent of their gender, both groups, NAB-M and CM-M animals, showed intermediate levels of Glx1 expression compared with LAB-M and HAB-M mice, the former again expressing significantly more Glx1 (male, F (3,31) ϭ 45.9; female, F (2,22) ϭ 84.5; p Ͻ 0.001) (Fig. 7) , thus confirming the brain tissue data (Fig. 6 ).
An additional validation of Glx1 as a biomarker of trait anxiety in mice was achieved by the following two experiments. First, similar to LAB-M versus HAB-M animals, BALB/c mice expressed more Glx1 than the more anxious C57BL/6 animals ( p Ͻ 0.01) (Fig. 8) . Second, based on Glx1 expression in 17 blood samples, the HAB-M versus LAB-M phenotypes could unambiguously be identified in a blind manner (Fig. 9 ).
Experiment 8: microarray
The microarray analysis revealed an upregulation of the Glx1 gene (Glo1) in the hypothalamic PVN of LAB-M animals (2.16-to 2.44-fold; p Ͻ 0.01) compared with HAB-M animals. This is shown by three independent spots on the arrays containing different cDNAs (GenBank accession numbers AI851782, AI852001, and AI848952) (Fig. 10) .
Discussion
Similar to HAB/LAB Wistar rats Wigger, 2002, 2003; Landgraf and Neumann, 2004; Murgatroyd et al., 2004; Wigger et al., 2004) , selective and bidirectional breeding of CD1 mice for either high-or low-anxiety-related behavior resulted in two inbred lines that, independent of their gender, differ extremely in a variety of behavioral paradigms. The EPM, based on spontaneous, unconditioned behavior, was selected as an initial key evaluation tool. The degree of avoidance of the open arms on the maze that is considered a measure of the genetic predisposition for trait anxiety is also predictive for stress coping (Ducottet and Belzung, 2004) and behavior in other anxiety tests (Trullas and Skolnick, 1993; Henderson et al., 2004) . Indeed, HAB-M mice were not only more anxious compared with LAB-M mice in the EPM and dark-light tests but also showed fewer signs of risk assessment and emitted more USV calls, all measures that are indicative of a high-anxiety level. Furthermore, in both the forced swim and tail-suspension tests, LAB-M animals showed lower scores of immobility than HAB-M and NAB-M animals, indicative of a reduced depression-like behavior. Using combined proteomic (hypothalamus, amygdala, cortex, and red blood cells) and microarray (hypothalamic PVN) approaches, Glx1 was identified as a protein marker, which is consistently expressed to a higher extent in LAB-M than in HAB-M mice.
As shown in Figure 1 , the divergence between the HAB-M and LAB-M lines steadily increased to reach its maximum after approximately nine generations. The breeding protocol continued by strict sibling mating, resulting in a conservation of genetic polymorphisms underlying either high-or low-trait anxiety. CM-M animals showed intermediate behavior on the EPM, thus mimicking the anxiety-related behavior of NAB-M mice. Similarly, the latter emitted USV calls with an intermediate frequency that is exactly between those produced by HAB-M and LAB-M mice (Table 2 ). This anxiety index reflecting differences in an infantile trait as a consequence of the selective breeding of adults (Brunelli et al., 1997) was measured at P5, further supporting a genetic predisposition. Importantly, young developing animals may be more sensitive to drug treatments than adults, thus mitigating the problem of considerable interstrain differences in drug sensitivity (Cryan and Mombereau, 2004; Fish et al., 2004) . The differences in maternal separation-induced USV persisted even after vehicle administration. Diazepam reduced USV emission to a similar extent in all three lines (Table 2 ). This result confirms previous studies measuring USV in rodent pups after treatment with clinically effective drugs (Benton and Nastiti, 1988) . In contrast to NAB-M and LAB-M pups, however, locomotor activity of HAB-M animals was not influenced by diazepam. Although, in CD1 pups, USV emission was shown to be associated with locomotor activity (Branchi et al., 2004) , it is probably too premature to suggest a predominantly anxiolytic effect of diazepam in HAB-M pups. In adult mice, diazepam reduced anxiety (dark-light and EPM tests) and induced dosedependent effects on locomotor activity (Crawley and Davis, 1982; Griebel et al., 2000) .
Additional profiling of anxiety-related behavior was achieved by performing detailed videotaped analyses of mice in different tests, yielding a catalog of readily identifiable behaviors that have been referred to as risk assessment, including head dipping and rearing, a particularly important anxiety measure (Henderson et al., 2004) . Although risk assessment behavior confirmed the marked difference in trait anxiety between HAB-M and LAB-M animals, the forced swim and tail-suspension tests rather reflect depression-like behavior (Cryan et al., 2002; Yoshikawa et al., 2002; Cryan and Mombereau, 2004) . The significant correlation between anxietyand depression-related behaviors resembles the clinical situation of a high comorbidity between anxiety disorders and depression (Levine et al., 2001) . The correlation in mice, however, is primarily attributable to the extremely lowdepression-like behavior of LAB-M mice, whereas HAB-M mice did not significantly differ from NAB-M and CM-M controls, respectively. This is true for both the forced swim and tail-suspension tests (Fig.  4) , despite the fact that the neural circuitry mediating behavior in these tests is not identical (Bai et al., 2001) . Thus, although HAB-M and LAB-M mice selectively bred for a specific anxiety-related phenotype (EPM) show similar differences across a variety of anxiety-and depression-related behavioral paradigms, HAB-M animals show little difference from NAB-M or CM-M controls in depression-related tests. These findings suggest that testdependent facets of behavior are involved with at least partially different genetic mechanisms controlling the various anxiety-and depression-related indices. Additional studies will focus on the phenomenon of intermediate behavior of NAB-M and CM-M animals in anxietyrather than depression-related tests. It is noteworthy that, in this context, the former reflects the primary selection criterion, whereas no selection pressure was exerted on depression-related indices.
A variety of parameters reflecting locomotor activity are listed in Table 1 . The data essentially confirm other reports demonstrating lower activity of mice showing high levels of anxiety-and depression-like behavior (Suaudeau et al., 2000; Do-Rego et al., 2002; El Yacoubi et al., 2003) and vice versa (Ferguson et al., 2004) . However, some of the indices presented in Table 1 are contaminated (i.e., reflect both locomotor activity and anxiety, e.g., ratio open/total entries EPM) (File, 2001) , and attempts to distinguish between activitybased and anxiety-based behavioral phenotypes in a test apparatus can be misleading (Henderson et al., 2004) . Therefore, we additionally tested home-cage activity, which confirmed that male and female LAB-M mice show higher levels of activity than HAB-M and NAB-M animals (Table 1) . Although, dependent on the behavioral test used (Suaudeau et al., 2000) , this difference in locomotor activity may potentially contribute to the selection phenotypes (Figs. 3A, 4) , it certainly does not explain differences in anxiety-related behavior between HAB-M and NAB-M animals, as shown in Figures 2 and 3B . It is noteworthy that, in this context, the suppression of locomotor activity is one of cross-test dimensions of anxiety (Henderson et al., 2004) . We attempted to reduce the risk of genetic drift across time to cause divergences in the selection phenotype as described, for example, by El Yacoubi et al. (2003) for locomotor activity and confounds to the interpretation of correlated responses to selection in the following manner. First, we generated parallel and independent families within the HAB-M and LAB-M lines, and members of all families were used in the experiments. Second, we included both NAB-M and CM-M controls. Third, we tested correlated responses over many generations. To further improve the strength of our data, we attempted to meet the criteria that, according to Geyer and Markou (1995) , are necessary and sufficient for the initial use of an animal model, namely predictive validity and reliable and robust behavioral readouts in the same laboratory and between different laboratories. In our study, the key behavioral measures reflecting predictive validity have been repeatedly confirmed across the generations (e.g., percentage of time spent on the open arms of the EPM) ( Fig. 1) and under varying experimental conditions (e.g., USV calls) ( Table 2 ). The issue of reproducibility and reliability of behavioral data across laboratories is an important consideration in all aspects of behavioral analyses (Crabbe et al., 1999; Wahlsten et al., 2003) . Although no attempts were made to standardize test procedures, the behavioral measures presented here were highly consistent across our laboratory at A major goal in the area of mental disorders is the identification of biomarkers that can categorize subsets of subjects in a more reliable and consistent manner. Our approach demonstrates that proteomic analyses are suited to identify a protein marker that is differentially expressed in CD1 mice with different genetic predispositions to anxiety, namely Glx1. Glx1 represents an enzyme in the cytosolic fraction of cells and tissues of many organisms. Although its function is not entirely clear, it has been shown that the enzyme plays a major role in the detoxification of methylglyoxal, which represents a potent cytotoxic metabolite. Glx1 catalyzes the transformation of methylglyoxal and glutathione to S-lactoylglutathione, which is converted to D-lactic acid by glyoxalase-II (Thornalley, 1993) . Because of its ubiquitous expression, the glyoxal pathway is believed to be of fundamental importance for cellular metabolism.
Recently, Glx1 was identified as the only upregulated gene in mutant mice sharing common pathogenic mechanisms with Alzheimer's disease patients (Chen et al., 2004) . A possible connection between Glx1 and depression has been found in a linkage study of families with depressive disease. Subgroups of families with unipolar affective disease showed evidence for a linkage or association with the Glx1 locus; unfortunately, the level of anxiety was not described in this study (Tanna et al., 1989) . In our newly developed mouse model of extremes in trait anxiety, Glx1 in brain areas and blood cells has been shown to represent a robust, reliable biomarker for the nonanxious versus anxious phenotype. While expressed at an intermediate level in unselected NAB-M as well as CM-M controls, it showed a bidirectional shift from the strain mean toward reduced (HAB-M; but no significant difference between NAB-M and HAB-M females) and increased (LAB-M) expression levels (Fig. 7) , thus mimicking the anxiety phenotype (Fig. 2 A) . The validity of Glx1 as a protein marker of trait anxiety is further confirmed by the following approaches. First, the microarray analysis revealed that the Glx1 gene exhibits differential expression in the hypothalamic PVN with LAB-M expressing more than twice as much mRNA than HAB-M animals (Fig. 10) , thus confirming our proteomic results (Fig. 6) . Second, to elaborate on the use of CD1 as the strain of choice, we additionally tested Glx1 in inbred strains that are more or less anxious. Indeed, confirming their EPM behavior described previously (Trullas and Skolnick, 1993; Griebel et al., 2000; Ducottet and Belzung, 2004) , BALB/c mice expressed more protein marker than the more anxious C57BL/6 animals ( Fig. 8) , thus mimicking our LAB-M versus HAB-M data (Fig. 7) . Third, based on Glx1 expression, we were able to unambiguously identify the HAB-M and LAB-M phenotypes in 17 blood samples in a blind manner (Fig. 9) .
The predictive validity of Glx1 to identify different levels of trait anxiety provides the basis for future testing, including its impact beyond that of a biomarker, i.e., does it contribute to rather than merely parallel the manifestation of trait anxiety? To answer this question and to further pursue the functional implications of Glx1, behavioral and protein studies across an F2 panel and a larger number of inbred strains will be performed in our laboratory. Thus, similar to its role in Alzheimer's disease (Chen et al., 2004) , a broad range of functional approaches will be used to study the possible involvement of Glx1 in anxiety-related behavior, including psychopathology.
